Abstract. MicroRNAs (miRs) have emerged as critical modulators of tumor initiation and progression in numerous types of human cancer, including clear cell renal cell carcinoma (ccRCC), which is the most common subtype of renal cell carcinoma. Cancerous inhibitor of protein phosphatase 2A (CIP2A) is a newly characterized oncoprotein and its overexpression has been reported to promote cellular epithelial-mesenchymal transition and the tumor progression of ccRCC. The present study examined the effects of miR-218 on CIP2A expression in ccRCC cells. The results demonstrated that the expression level of miR-218 was lower in ccRCC tissues compared with that in adjacent non-tumor renal tissues. In addition, it was identified that miR-128 could directly bind to the 3'-untranslated region of CIP2A. Furthermore, a negative correlation between the expression levels of miR-218 and CIP2A was detected in ccRCC. Additionally, the downregulation of CIP2A or overexpression of miR-218 in ccRCC cells was revealed to inhibit cell proliferation and migration. In summary, these data suggest that miR-218 serves a role in the regulation of CIP2A and elucidate its consequences on tumor progression, tumor cell proliferation and migration. These results indicate that miR-218 may exhibit potential as a molecular target for the treatment of ccRCC.
Introduction
Renal cell carcinoma (RCC) is the second most commonly diagnosed cancer type in human urological systems and accounts for almost 3% of all adult malignancies (1) . Clear cell renal cell carcinoma (ccRCC) is the most common type of RCC and accounts for 70-80% of all occurrences of RCC (2) . At the time of diagnosis, ~33% of patients with ccRCC have distant metastases, which makes it difficult or occasionally impossible to perform surgery (3) . In addition, treatment strategies for metastatic ccRCC are limited, as it is often resistant to chemotherapy and radiotherapy (4) . Therefore, biomarkers that can assist with early diagnosis or prognosis prediction are urgently required.
MicroRNAs (miRNAs/miRs) are a class of small non-coding RNAs that regulate gene expression at the post-transcriptional stage (5) . It is understood that this process is mediated via direct binding to the 3'-untranslated region (UTR) of target mRNA transcripts (6) . The value of miRNAs in the diagnosis or treatment of ccRCC has received considerable attention (7) . Detection of aberrantly expressed miRNAs can distinguish ccRCC from normal tissue and predict the prognosis of patients with ccRCC (8, 9) . miR-218 is a vertebrate-specific intronic miRNA and the gene that encodes miR-218 is located at the introns of tumor suppressor slit guidance ligand (SLIT)2 and SLIT3 (10) . Previous studies have demonstrated that the expression of miR-218 is significantly reduced in numerous types of human cancer, including colorectal cancer (11) , breast cancer (12) , gastric cancer (10) , non-small cell lung cancer (13) and ovarian cancer (14) , which suggests that miR-218 can function as a tumor suppressor. Reduced expression of miR-218 was associated with advanced tumor stage and lymph node metastasis in ovarian cancer, and restoration of miR-218 expression levels inhibited cell proliferation, migration and invasion in vitro by targeting runt-related transcription factor 2 (14) . Another study demonstrated that miR-218 serves as a tumor suppressor in lung cancer by targeting interleukin-6/signal transducer and activator of transcription 3, and that it negatively correlates with a poor prognosis (15) . However, to the best of our knowledge, the expression status and the mechanism by which miR-218 exerts its clinical significance in ccRCC remain largely unknown. Therefore, the present study was aimed to investigate the expression of miR-218 in ccRCC. In addition, the biological roles of miR-218 on proliferation and migration were examined. In addition, the downstream target of miR-218 was examined by bioinformation analysis tool and western blot analysis. The present study provided a novel insight into the mechanism of ccRCC tumor progression and identified a novel biomarker for ccRCC treatment.
MicroRNA

Patients and methods
Patients and tissue samples. A total of 43 patients (mean age, 56.7; range, 42-73 years old) with ccRCC treated at The First Central Hospital of Baoding (Baoding, China) between January 2011 and October 2012 were enrolled in the study. Paired tumor and normal tissues (≥2 cm from the tumor) were obtained from these patients, immediately snap-frozen in liquid nitrogen and stored at -80˚C until further use. Informed written consent was obtained from all patients who participated in the study. The study procedure was approved by the Ethics Committee of The First Central Hospital of Baoding. Clinicopathological features were obtained and their associations with the expression level of miR-218 are summarized in Table I .
Cell culture. The human RCC Caki-1 and 786-O cell lines, and the immortalized proximal tubule epithelial HK-2 cell line were purchased from the American Type Culture Collection (Manassas, VA, USA). These cell lines were maintained in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum (both Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 100 U/ml penicillin and 100 U/ml streptomycin. The cell lines were incubated in a humidified incubator containing 5% CO 2 at 37˚C.
Cell transfection. The miR-218 mimic (5'-UGU ACC AAU CUA GUU CGU GUU-3'), miR-218 inhibitor (5'-ACA UGG UUA GAU CAA GCA CAA-3') and negative control (NC, 5'-UCA CAA CCU CCU AGA AAG AGU AGA-3') were designed and synthesized by Guangzhou RiboBio Co., Ltd. (Guangzhou, China). Small interfering RNA (siRNA) targeting CIP2A (si-CIP2A) and NC siRNA were also synthesized by Guangzhou RiboBio Co., Ltd. Lipofectamine Cell proliferation assay. An MTT assay was conducted to investigate the cell proliferation ability. Briefly, Caki-1 and 786-O cells transfected with or without miRNAs or siRNAs were seeded at a density of 3x10 3 cells/well in a 96-well plate and incubated for 0, 24, 48 or 72 h at 37˚C. Subsequently, 20 µl MTT (5 mg/ml) was added to each well and further incubated for 4 h. Following the removal of supernatant, 100 µl dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was added to stop the reaction. The optical density was measured with a microplate reader at a wavelength of 595 nm.
Cell migration assay.
A wound-healing assay was conducted to measure cell migration ability. Briefly, Caki-1 and 786-O cells transfected with or without miRNAs or siRNAs were seeded at a density of 2x10 5 cells/well in a 6-well plate and incubated for 24 h at 37˚C. A wound was then created using a sterile 200-µl pipette tip at the cell surface of each well. Subsequently, the cells were observed and the wound closure was quantified at 0 and 48 h following generation of the wound using Image J 1.42 software (National Institutes of Health, Bethesda, MA, USA).
3'-UTR luciferase reporter assay. The online prediction algorithm TargetScan (http://www.targetscan.org/) was used to predict the direct targets of miR-218. Among these potential targets, CIP2A was selected as it is recognized as an oncogene in human cancer (16) . For the luciferase reporter assay, the wild-type and mutant 3'-UTR of CIP2A was cloned into psiCHECK-2 luciferase reporter vector (Promega Cooperation, Madison, WI, USA) and termed CIP2A WT and CIP2A MUT, respectively. Briefly, Caki-1 and 786-O cells were seeded at a density of 2x10 5 cells/well in a 24-well plate. The cells were co-transfected with CIP2A WT or CIP2A MUT together with the miR-218 mimic or NC miRNA using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Luciferase activities were measured using the Dual-Luciferase Reporter Assay kit (Promega Cooperation) with Renilla luciferase activity as the internal control, following co-transfection for 48 h, according to the manufacturer's protocol.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA from tissue or Caki-1 and 786-O cells transfected with or without miRNAs or siRNAs was isolated using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. were determined using the miScript SYBR Green PCR kit (Qiagen GmbH, Hilden, Germany) using an ABI7500 system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The thermocycling conditions were as follows: Initial denaturation at 95˚C for 10 min, followed by 40 cycles of denaturation at 95˚C for 1 min and annealing/extension at 56˚C for 1 min.
The following primer sequences were used: miR-218 forward, 5'-ACA CTC CAG CTG GGT TGT GCT TGA TCT AA-3' and reverse, 5'-CTC AAC TGG TGT CGT GGA GTC GGC AAT TCA GTT GAG ACA TGG TT-3'; and U6 small nuclear RNA (snRNA) forward, 5'-GCG CGT CGT GAA GCG TTC-3' and reverse, 5'-GTG CAG GGT CCG AGG T-3'. The relative gene expression levels were determined using the 2 -ΔΔCq method (17) . The U6 snRNA was used for normalizing the expression of miR-218.
Western blot analysis. Total protein from tissues and Caki-1 and 786-O cells transfected with or without miRNAs or siRNAs was isolated using radioimmunoprecipitation assay lysis buffer (Beyotime Institute of Biotechnology, Haimen, China). The concentration of protein was measured using a BCA protein assay kit (Beyotime Institute of Biotechnology). Subsequently, protein samples (50 µg) were separated by 10% SDS-PAGE and then transferred to polyvinylidene difluoride membranes (EMD Millipore, Billercia, MA, USA). The membranes were blocked with 5% skimmed milk in Tris-buffered saline with 0.1% Tween-20 (TBS-T) at room temperature for 1 h and incubated with mouse primary antibodies against CIP2A (1:1,000; catalog no. ab128179; Abcam, Cambridge, UK) or β-actin (1:1,000; catalog no. ab8226; Abcam) at 4˚C for overnight. Following washing with TBS plus Tween-20, the membranes were incubated with goat anti-mouse horseradish peroxidase-conjugated secondary antibodies (1:2,000; catalog no. ab6789; Abcam) at room temperature for 4 h. The protein band signals were developed using an enhanced chemiluminescence detection kit (Beyotime Institute of Biotechnology) and analyzed using Image J 1.42 software (National Institutes of Health).
Statistical analysis.
Associations between the miR-218 expression level and clinicopathological parameters were evaluated using a χ 2 test. An overall survival curve was plotted using the Kaplan-Meier method and a log-rank test. Correlations between miR-218 and CIP2A expression levels were assessed by Pearson's correlation coefficient method. All data are presented as the mean ± standard deviation. Two groups were analyzed by paired Student's t-test, and three or more groups were analyzed by one-way analysis of variance followed by Tukey's post hoc test. Statistical analysis was performed using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Levels of miR-218 are frequently downregulated in ccRCC tissues and cell lines.
To identify the role of miR-218 in the progression of ccRCC, miR-218 expression was examined in the collected tissues and a series of cell lines. As presented in Fig. 1A , the expression of miR-218 was significantly lower in ccRCC tissues compared with that in the adjacent non-tumor tissues. Furthermore, miR-218 expression was measured in the human RCC Caki-1 and 786-O cell lines, and in the immortalized proximal tubule epithelial HK-2 cell line. As expected, it was identified that miR-218 expression was significantly lower in Caki-1 and 786-O cells compared with that in HK-2 cells (Fig. 1B) .
Low expression of miR-218 is associated with a poorer prognosis.
The enrolled patients were classified into two groups, designated high and low, according to the expression level of miR-218 obtained from RT-qPCR, with a cut-off median value of 1.03. It was revealed that the expression level of miR-218 was significantly associated with tumor size and tumor stage (18), but not with sex and age ( Table I ). The association between miR-218 expression level and the prognosis of patients with ccRCC was then evaluated. As presented in Fig. 2 , the Kaplan-Meier survival curve revealed that patients with low miR-218 expression exhibited a significantly poorer overall survival rate (P=0.034) compared with those with high expression.
Overexpression of miR-218 inhibits cell proliferation and migration in vitro.
To further elucidate the biological role of miR-218 in ccRCC, gain-of and loss-of function experiments were performed in the selected cell lines. It was confirmed that miR-218 mimic enhanced the expression level of miR-218, while the miR-218 inhibitor reduced the expression level of miR-218 (Fig. 3A) . Subsequently, the in vitro cell proliferation and migration abilities of the cells were examined with MTT and wound-healing assays. As demonstrated in Fig. 3B and C, reduced expression of miR-218 significantly enhanced cell proliferation and migration, while induced expression of miR-218 significantly decreased cell proliferation and migration compared with that found in the cells transfected with NC miRNA.
miR-218 directly targets CIP2A. To elucidate how miR-218 inhibits cell proliferation and migration, the TargetScan algorithm was used to predict targets of miR-218. It was identified that CIP2A contains a putative binding sequence for miR-218 (Fig. 4A) . A dual-luciferase reporter assay was then used to validate whether CIP2A is a direct target of miR-218. miR-218 significantly inhibited the luciferase activity in cells transfected with CIP2A WT, but not CIP2A MUT (Fig. 4B) . Furthermore, an inverse correlation between the expression levels of miR-218 and CIP2A in ccRCC tissues was observed (Fig. 4C) . To further confirm that CIP2A is a target of miR-218, the expression level of CIP2A in Caki-1 and 786-O cells transfected with miR-218 mimic or NC miRNA was measured. As expected, miR-218 mimic significantly reduced the protein expression level of CIP2A in the two cell lines (Fig. 4D) .
CIP2A functions to promote cell proliferation and migration in vitro.
To determine the biological function of CIP2A, a loss-of function experiment was performed by transfecting Caki-1 and 786-O cells with si-CIP2A. The efficiency of knockdown was confirmed by western blot analysis (Fig. 5A) . The results of MTT and wound-healing assays revealed that the knockdown of CIP2A significantly reduced the cell proliferation and migration in the two cell lines (Fig. 5B and C) . Notably, it was also revealed that the downregulation of CIP2A partly reversed the stimulation effect of miR-218 inhibitor on the proliferation and migration of Caki-1 and 786-O cells ( Fig. 5B and C) .
Discussion
ccRCC demonstrates high aggressiveness and is characterized with high rates of mortality and resistance to conventional treatment options, including chemotherapy and radiotherapy (19) . In addition, the majority of patients with ccRCC are diagnosed at a late stage and no diagnostic or therapeutic biomarkers for ccRCC are currently available (20) . Therefore, the prognosis of ccRCC is relatively poor (20) .
A number of studies have demonstrated that miRNAs serve crucial roles in various cellular behaviors, including cell proliferation, apoptosis, migration, tumorigenesis and metastasis (21, 22) . The value of miRNAs in predicting the prognosis of ccRCC has been appreciated (23) . In addition, it has been hypothesized that an improved understanding of the alterations of miRNA expression in ccRCC may lead to an improved understanding of the mechanisms underlying ccRCC progression, which may provide improvements in the diagnosis and treatment measures for advanced ccRCC (7-9,23).
Downregulation of miR-218 has been reported in multiple types of human cancer (10) (11) (12) (13) (14) (15) . However, the expression pattern and significance of miR-218 in ccRCC is poorly understood. Therefore, the current study first examined miR-218 expression in ccRCC tissues, and it was identified that the expression level of miR-218 was lower in ccRCC tissues compared with that in adjacent non-tumor tissues. Low-level expression of miR-218 exhibited a significant association with characteristics of a more aggressive tumor phenotype, including larger tumor size and higher tumor stage. Notably, it was revealed that low expression of miR-218 was associated with a lower 5-year overall survival rate for patients with ccRCC. In functional assays, cell proliferation and migration were significantly suppressed by miR-218 expression. These findings suggest that miR-218 serves a tumor suppressor role in the development of ccRCC.
It is understood that cell proliferation and migration are important hallmarks of malignant tumors (24) . Therefore, identification of the underlying molecular mechanisms involved in regulation of ccRCC proliferation and migration is crucial. In the present study, miR-218 targets were predicted to investigate the mechanism underlying the function of miR-218 in ccRCC. Using online predication and luciferase reporter assay, it was revealed that CIP2A may be a target of miR-218 in ccRCC. To support this, it was identified that the expression level of CIP2A was inversely correlated with the expression level of miR-218 in ccRCC, and that CIP2A expression could be negatively regulated by miR-218. Further in vitro functional assays revealed that knockdown of CIP2A reduced cell proliferation and migration. Cell proliferation and migration were lower in cells co-transfected with si-CIP2A and miR-218 inhibitor compared with that in the cells only transfected with miR-218 inhibitor. In summary, these findings indicate that miR-218 exerts its biological function in ccRCC by regulating the expression of CIP2A.
In conclusion, the current study investigated the possible role of miR-218 in ccRCC progression and its underlying mechanisms. The results suggest that miR-218 functions as a novel tumor suppressor by regulating the expression of CIP2A in ccRCC and that miR-218 may be used as a therapeutic target for ccRCC treatment in the future. Although certain novel insights into the mechanisms regarding the progression of ccRCC were provided in the present study, the mechanisms by which miR-218 is downregulated require elucidation in future studies.
